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This invention deals with copolymers from 
vinyl stearate, margarate, or palmitate and vinyl 
laurate in which the mole ratio of the vinyl 
stearate or palmitate copolymerized with the 
vinyl laurate is from about 1:1 to 1:10. It further 5 
concerns compositions of reduced pour point 
which consist essentially of a wax-containing hy- 
drocarbon fluid having dissolved therein a said 
copolymer. 
Polyvinyl esters of various kinds and sizes of l0 
carboxylic acids bave been prepared and it bas 
been proposed to modify vinyl esters of lower 
monocarboxylic acids by addition thereto of a 
small amount of a larger polyvinyl ester or by 
copolymerization of a vinyl ester of a lower mono- 15 
carboxylic acid with a small amount of a vinyl 
ester of a higher carboxylic acid. For example, 
modification of polyvinyl acetate bas been pro- 
posed by copolymerization of 90 to 100 parts of 
vinyl acetate with 5 to 10 parts of vinyl palmitate 20 
or vinyl oleate. The resulting products swell 
slightly in aromatic solvents such as benzene or 
toluene and are useful in pressure molding. 
In contrast to previously known copolymers, 
the copolymers of this invention are freely solu- 
ble in hydrocarbons and are unsuitable for mold- 
ing. Their ready solubility in petroleum oils, 
their thermal stability, and their capacity to im- 
prove properties of these oils impart to the 
polymers of this invention an unforeseen and 
valuable utility. In particular the copolymers 
of this invention are peculiarly effective in de- 
pressing the pour point of wax-containing hy- 
drocarbon liquids. This property depends upon 
the particular vinyl esters which are copoly- 35 
merized and the proportion of vinyl stearate or 
palmitate to vinyl laurate. Copolymers from 
these two kinds of vinyl esters are effective pour 
point depressants from a molecular size of the 
order of 1000 up to very high molecular weights, 40 
such as 50,000 or more. With molecular weights 
of-the order of 5,000 or more the copolymers are 
useful as thickeners and improvers of the vis- 
cosity index of lubricating oils and the like. 
While the addition of resinous materials to 45 
ofls is known, but few such materials in fact 
give a depression of pour points. Many resinous 
or polymeric materials raise the pour point; 
others do hot alter the pour point. An appre- 
ciable lowering of pour point appears as the ex- 50 
ceptional outcome of the addition of polymeric 
materials. 
The preparation of vinyl stearate, vinyl hepta- 
decanoate, vinyl palmitate, and vinyl laurate is 
accomplished by known methods. They are ruade 
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by running acetylene into the corresponding car- 
boxylic acid in the presence of a zinc or cadmium 
catalyst. The catalyst is desirably the zi_nc_ or 
cadmium salt of the carb0xylic acid being re 
acted. Good yields of the vinyl esters are ob- 
tainable at 150°-200 ° C. under pressure. The 
vinyl esters are distillable at low pressures. Thus, 
vinyl stearate distills af 167° C./2-4 mm., vinYl 
palmitate at 165 ° C./2-4 mm., and laurate at 
123 ° C./4 mm. or 101 ° C./0.73 mm. 
The vinyl esters of long-chained carboxylic 
acid are also available through acidolysis or 
transesteriflcation of an ester of a lower car- 
boxylic acid with the longchained acid. For ex- 
ample, vinyl acetate heated with palmitic acid in 
the presence of mercuric oxide and sulfuric acid 
or boron trifluoride as catalysts yields vinyl 
palmitate. 
The long-chained vinyl esters may be ruade 
from pure stearic, margaric, or pelmitic acids 
or from commercial mixtures of stearic and 
palmitic acids. 
To prepare the copolymers of this invention 
the vinyl ester, CIt2:CItOOCI, where 1 is an 
alkyl group having a chain of 15 to 17 carbon 
atoms, is mixed with vinyl laurate, 
CH2=CHOOCCllH23 
in a proportion from one mole of the former 
to one mole of the latter fo one mole of the 
former fo tèn moles of the latter. The mixed 
vinyl esters are extended with an inert solven 
such as benzene, toluene, xylene, or a close cut 
naphtha and copolymerization is initiated by 
means of a polymerization catalyst in an iner t 
atmosphere. Nitr0gen serves as a suitable inert 
gas to exclude oxygen from the copolymeriziig 
mixture. Copolymerization may also be effected 
in a lubricating off. 
As catalysts for copolymerization there are 
usually used organic peroxides or acyclic azo 
compounds, which serve as free radical catalysts. 
Typical of the azo catalysts is azodiisobutyro- 
nitrile. Suitable peroxides are acetyl peroxide, 
caproyl peroxide, lauroyl peroxide, benzoyl 
peroxide, dibenzal peroxide, di-tert.-butYl 
diperphthalate, tert.-butyl perbenzoate, 2,2- 
bis-(tert.-butylperoxy)butane, methyl ethyl ke- 
tone peroxide, di-tert.-butyl peroxide, tert.-butyl- 
hydroperoxide, etc. An amount of catalyst i s 
taken fo induce copolymerizati0n. Am0unts of 
catalyst used may be varied from 1% to 16% of 
the weight of mixed esters. In a preferred 
method the conçentrati0n of catalyst may b e 2% 
fo 5% of .the monomeric esters at the strt and. 
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catalyst is added as copolymerization proceeds. 
Solvent may likewise be added from rime fo rime. 
One or more of the catalysts are added to the 
solution of mixed esters and the mixture is 
heated fo 75 ° C. fo 150 ° C. One range of tem- 
perature may be used af the start and another 
as copolymerization proceeds. Temperatures se- 
lected depend upon so]vent chosen, concentration 
of esters, concentration of catalyst, copolymeriza- 
tion schedule, and size of copolymer desired as 
product. 
Typical procedures for preparing copolymers 
of this invention are given in the following i]lus- 
trative examples, in which parts are by weight. 
Example 1 
A reaction vessel equipped with stirrer, ther- 
mometer, reflux condenser, and gas inlet tube 
was flushed with nitrogen and heated fo 100 ° 
C. Thereto was slowly added a mixture of 65 
parts of vinyl laurate, 35 parts of vinyl stearate, 
5 parts of benzoyl peroxide, and 20 pars of 
toluene. By the end of 1.75 hom's all of the 
mixture had been introduced into the reaction 
vessel. At 2.4 hours there was added 17 parts 
of toluene and the temperature was lowered fo 
90 ° C. Ai 2.75 hours 2 parts of benzoyl peroxide 
and 9 parts of toluene were added. At 3 hours 
104 parts of toluene was added. Ai 5.2, 6.2, 
and 6.8 hours there were added respectively 5, 1, 
and 1 part portions of benzoyl peroxide, each 
in about hall its weight of toluene. !leating 
was discontinued at 8 hours but stirring was 
continued until the batch had cooled to 40 ° C. 
The product was a 31% solution of copolymer 
in toluene. A 30% solution in toluene had a 
Viscosity of 132 centistokes af 100 ° F. 
A portion of the toluene solution was mixed 
with an equal weight of a lighç lubricating off 
and heated fo drive oit the toluene. Iteating 
was carried fo 140 ° C./2 mm. This oil solution 
was particularly suitable for adding the copoly- 
mer to a waxy lubricataing off in the concen- 
trations needed to give good pour-depressing 
action. 
Example 2 
A mixture of 60 parts of vinyl stearate, 40 
parts of vinyl laurate, 4 parts of bensoyl per- 
oxide, and 87 part of toluene was charged over 
a period of 1.6 hours fo the reaction vessel 
heated af 120 ° C., a temperature maintained for 
3.2 hours. The temperature was then main- 
tained at 102 ° C. until the end of ï hours. Four 
additions of benzoyl peroxide of 3 parts each 
were made at hom'ly intervals. Additions of 
toluene from rime fo rime totalled 63 parts. 
The product was a 39.2% solution of copolymer 
in toluene. Af 30% of copolymer in toluene the 
viscosity of the solution was 7 centistokes ai 
i00 ° F. 
Example 3 
A mixture of 25 parts of vinyl stearate, 75 
parts of vinyl laurate, 4 parts of benzoyl per- 
oxide, and 100 parts of toluene was copolymer- 
ized as in Example 2, starting af 120°-124 ° C. 
for three hours and continuing af 100 ° C. for 
another 5 hours. Additions of peroxide amounted 
to 10 parts and of toluene fo 70 parts. The 
product obtained was a 30.8% solution of co- 
polymer in toluene. Af 30% of copolymer in 
toluene the viscosity was 17 centisçokes af 100 ° F. 
Example 4 
A mixture of 35 parts of vinyl stearate, 65 
parts of vinyl lai'are, 5 parts of benzoyl per- 
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oxide, and 15 parts of toluene was heated at 
90°-100 ° C. for 3.5 hours and for 5 hours more 
at 89°-90 ° C. Additions of benzoyl peroxide 
were ruade from time fo rime in a total of 10 
5 parts. Additions of solvent totalled 199 parts. 
The product was a 31% solution of copolymer 
in toluene. For a 30% solution the viscosity 
was 672 centistokes af 100 ° F. 
Example 5 
10 
A mixture of 120 parts of vinyl stearate, 880 
parts of vinyl laurate, 5 parts of lauroyl per- 
oxide, and 500 parts of toluene was slowly run 
into the reaction vessel which had been flushed 
15 with nitrogen and heated to 100 ° C. and which 
temperatm'e was maintained for 8 hours, when 
heaçing was discontinued. Additions of lauroyl 
peroxide were ruade of 2, 5, 2, and 0.8 parts at 
3.4, 5, 6 and 7 hours respectively. Toluene was 
20 added at 3.4 and 5 hom's in portions of 1.00 parts 
and at 7.7 hours in an amount of 180 parts. The 
product was a 54% solution of copolymer in 
toluene. A 30% solution of the copolymer in 
toluene had a viscosity of 30 centistokes at 100 ° F. 
25 A mixture of 79 parts of the 54 % solution, 131 
parts of the 30% solution, and 123 parts of a 
light lubricating oil was heated up to 140 ° C./3 
mm. to yield a 37.6% solution of copolymer in 
off. This was a convenient form of the 
-0 po]ymer for addition to waxy oils. 
Example 6 
A mixture of 55 parts of vinyl stearate, 45 
parts of vinyl laurate, 5 parts of ethyl azodi- 
5 isobutyrate, and 40 parts of xylene was heated 
at 100 ° C. under a nitrogen atmosphere. Ad- 
ditions of catalyst were ruade at 2.25, 4.25, 5, 
and 6 hours in amounts of 2, 5, 2, and 1 parts 
respectively. !teating was discontinued at 23 
40 hours, toluene in an amount of 176 parts was 
added, and stirring was continued until the 
product had cooled below 4@ ° C. The product 
was a 25.7% solution of copolymer in solvent 
with a viscosity of 3 centistokes at 100 ° F. 
45 Example 7 
A mixture of 119 parts of vinyl palmitate, 381 
parts of vinyl laurate, 25 parts of benzoyl per- 
oxide, and 250 parts of toluene was added to the 
reaction vessel heated at 120 ° C. over the course 
50 of 1.8 hours. After about 200 parts of the mix- 
ture had been run in, the reacting mixtm'e was 
diluted with 250 parts of toluene. Other addi- 
tions of toluene were 176, 176, 87, and 87 parts 
at 2.8, 4.8, 5.8, and 6.8 hours respectively. Ad- 
55 ditions of peroxide catalyst were 10, 25, 10, and 
4 parts at the above times. !teating was discon- 
tinued af 7.8 hours. The product was a 32.5% 
solution of copo]ymer. A 30% solution of 
polymer in toluene had a viscosity of 12 centi- 
60 stokes af 100 ° F. 
The eitect on the pour point of wax-contain- 
ing hydrocabons was determined by dissolving 
a defined copo]ymer in such hydrocarbon fluid in 
an amount sufficient fo depress the pour point 
65 and subjecting, the resulting solution fo the 
A. S. T. M. pour test (D97---47). In some in- 
stances, this test was supp]emented or replaced 
with shock chflling and/or maximum pour tests. 
70 Cf. Proc. A. S. T. M. 45, Appendix I, p. 244 (1945). 
The shock chilling determination is ruade by ob- 
serving the sample during the initial cooling step 
with the cooling jacket af --60 ° F. 
The usefuI range for using the copolymers of 
76 this. invention in hydrocarbon fiuids is from a 
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concentration of about 0.01% up to about 5%. 
In any case, the amount of copolymer dissolved 
in a hydrocarbon of waxy pour point should be 
sufficient to depress the normal pour point of 
the said hydrocarbon. 
For the evaluation of the copolymers three oils 
were selected. One was a 150 Pennsylvania neu- 
tral having a our point of ÷25 ° F. (Off I). This 
was an off which proved to bE relatively sensi- 
tive to the act}on of pour point depressants. 
second oil (Off Il) was a 500 Mid-C'ontinent sol- 
vent-extracted neutral (S. A. E. 30) having a 
pour point of ÷25 ° F. This was known to bE an 
off which was not readily changed as to its pour 
point. The third off (Off III) was selected fo 
study effects in heavy ofls. If was an S. A. 
90 gear off, compounded from 30 parts of a 180 
Pennsylvania neutral and 70 parts of a 150 
Pennsylvania ,briht stock. It had a pou/" point 
also of ÷25 ° F. 
A copolymer prepared from vinyl stearate and 
vinyl laurate in a 1:1 mole ratio was examined in 
Off I. Pour points were determined as --20 ° 
--20 ° F., and --5 ° F. at 0.5%, 0.25%, and 0.1% 
respectively. 
A copolymeï was prepared from vinyl stearate 
and vinyl laurate in a 1:3.2 mole ratio. At 0.5% 
in Off I the pour point was --35 Q F.; at 0.25%, 
--30 ° F.; and at 0.1%, --25 ° F. In Off II at 0.5% 
the pour point was --5 ° F. by shock chilling and 
by the maximum pour tst. In Off III af 0.1% 
the pour point was --10 ° F. 
A copolymer based on vinyl stearate and vinyl 
lauratE in a 1:4.13 mole ratio gave pour points 
in Off I of --35 ° F., and --25 ° F. at 0.5,% and 
0.25% respectively, in Off II at 0.5% it reduced 
the pour point to --20 ° F. under shock chilling. 
A copolymer based on the saine two vinyl es- 
ters but in a 1:10 mole ratio reduced the pour 
point of Off I to --15 ° F. when dissolved therein 
at 0.5 %. 
Solutions of 0.5% and 0.25% in Off I of poly- 
vinyl stearate were examined. The pour points 
of these solutions were at least as high as that 
of the off free of polymer. No depression re- 
sulted when thE polymer was dissolved in Oil II 
or in Off IIi. A solution of a polyvinyl laurate 
was ruade in Off I af 0.5%. The pour point of 
the solution was ÷25 ° F. A mixture was ruade 
of polyvinyl stearte and polyvinyl laurate in a 
mole ratio of 1:2. The mixture vas dissolved in 
Off I at 0.5%. The pour p0{nt of this solution 
was ÷25 ° F. 
A copolymer ruade from vinyl stearate and 
vinyl laurate in a 1:3 mole ratio was tested in 
Off I ai 0.5 % and 0.25 %. The pour points found 
were --30 ° F. and --30 ° F. respectively. At 0.5.% 
in Off II the pour point was --5 ° F. by the max- 
imum pour test and --20 ° F. by shock chilling. 
At 0.1% in Off III the pour point was --5 ° F. 
This copolymer imparted to a 30 % solution in 
toluene a viscosity of 158 centistokes at 100 ° F. 
This copolymer was a]so dissolved in a light oil 
and the viscosities of solutions at three concentra- 
tions wEre determined. The off itself had viscosi- 
ries of 5.25 centistokes at 210 ° F. and 45.1 centi- 
stokes at 100 ° F., giving a viscosity index of 16. A 
0.8% solution of copolymer in this off had viscosi- 
ries of 6.28 centistokes at 210 ° F. and 53.55 centi- 
stokes at 100 ° F., yielding a viscosity index of 60. 
A 2% solution of the copolymer in the off had 
viscosities of 8.16 centistokes at 210 ° F. and 68.6 
centistokes at 100 ° F., yielding a viscosity index 
of 94. A 3.2% solution of the copolymer in the 
off had viscosities of 10.36 ccntist0kes at 210 ° F. 
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and 87.4 centistokes at I00 ° F., giving a viscosity 
index of 108. 
A copolymer from vinyl palmitate and vinyl 
laurate in a 1:4 mole ratio gave oour points of 
5 --35 ° F., --30 ° F., and--15 ° F. ai 0.5%, 0.25%, 
and 0.1% respectively in Off I. In Off II at 0.5% 
it gave a pour point of --15 ° F. by either the shock 
cooling or maximum pour methods. 
The copolymers of this invention are new. 
10 They are charac.terized by their solubility in 
hydrocarbon fiuids and their capacity for impart- 
ing thereto an increase in viscosity which is cou- 
pied with some improvement in viscosity index 
and lowering of pour point when the pour point 
15 results from a wax ontent. These copolymers 
are useful not only in petroleum lubricating oils 
havin waxy pour points but also in fuel oils 
and diesel fuEls and the like. The fluid hydro- 
carbons upon which these copolymers act are 
20 generally from paraffinic or naphthenic stocks. 
These copolymers may be used in conjunction 
with other additives, such as antioxidants, ofliness 
aents, detergents, and the like. 
Compositions based on the copolymers of this 
25 invention dissolved in a wax-containing hydro- 
carbon liquid usually .contain from 0.01% to 5% 
of the copolymer. There are some oils which are 
so susceptible to the action of the copolymers that 
a concentration of even 0.01% or 0.02% gives a 
0 practical depression of the pour point. Some oils 
advantageously may be treated with 5% or even 
more of one of these copolymers. This is par- 
ticularly ,true in cases in which an increase in 
viscosity or an improvement in viscosity index 
5 is desired along with depression of pour point. 
In most cases concentrations of 0.05% to 2% of 
a copolymer are sufficient and highly effectiVE for 
lowerin the pour point and are preferred. 
These copolymers may be used in conjunction 
40 with other polymeric materials and other types 
of oil-addi.tives, such as antioxidants, wear-re- 
sisting agents, detergents, and the like. 
We claire: 
1. A copolymer of (A) a vinyl ester of a satu- 
45 rated aliphatic monocarboxylic acid, 1%COOH, 
wherein 1% is an alkyl group having a carbon 
chain oï 15 to 17 carbon atoms, and (B) vinyl 
laurate, the proportion of (A) vinyl ester units 
in said copolymer fo (B) vinyl laurate units 
  bein from I:I to I:I0. 
2. A coplymer of (A) vinyl palmi.tate and (B) 
vinyl laurate, wherein the proportion of vinyl 
palmitate units in said copolymer fo vinyl laurate 
units is 1 : 1 fo 1:10. 
5 3. A copolymer of (A) vinyl stearate and (B) 
vinyl laurate, wherein the proportion of vinyl 
stearate units in said copolymer fo vinyl laurate 
units is 1:1 fo 1:10. 
LA VE1%NE N. BAUE1%. 
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